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J/"]/ particles are abundantly produced at the Beijing Electron-Positron Collider 
(BEPC). The J/"^ decays provide an excellent place for studying N* resonances. 
For J/ 4* — > NNtt and NNtttt, the ttN and ttttN systems are limited to be 
pure isospin 1/2 due to isospin conservation. This is a big advantage in study- 
ing N* resonances from J/'t decays, compared with vrA'^ and •yN experiments 
which suffer difficulty on the isospin decomposition of 1/2 and 3/2. All other TV* 
decay channels which are presently under investigation at CEBAF(JLab, USA), 
ELSA(Bonn, Germany) and GRAAL(Grenoble, France) with real photon or space- 
like virtual photon can also be studied at BEPC complementally with the time-like 
virtual photon. The process J/"]/ — > A'^A'^* or NN* provides a new way to probe 
the internal structure of the N* resonances. The recent results and outlook of our 
new N* program at BEPC are presented. 



1 Introduction 

To understand the internal quark-gluon structure of nucleon and its excited 
states iV*'s is one of the most important tasks in nowadays particle and nu- 
clear physics. The main source of information for the baryon internal struc- 
ture is their mass spectrum, various production and decay rates. Our present 
knowledge of this aspect came almost entirely from the old generation of ttN 
experiments of more than twenty years ago. Considering its importance for the 
understanding of the nonperturbative QCD, a new generation of experiments 
on N* physics with electromagnetic probes (real photon and space-like virtual 
photon) has recently been started at new facilities such as CEBAF at JLAB, 
ELSA at Bonn, GRAAL at Grenoble. 

The J/^ experiment at the Beijing Electron-Positron Collider (BEPC) 
has long been known as the best place for looking for glueballs. But in fact 
it is also an excellent place for studying N* resonances. The corresponding 
Fcynman graphs for the N* and N* production are shown in Fig. 0. 

These graphs are almost identical to those describing the N* electro- 
production process if the direction of the time axis is rotated by 90°. The 
only difference is that the virtual photon here is time-like instead of space-like 
and couples to NN* through a real vector charmonium meson J /'if. This fact 
leads to a few advantages for studying N* resonances at the BEPC as the 
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Figure 1: Feynman graphs for A^* and A'* production from e+e collision through J/'t 
meson. 

following. 

(1) J/^ NNtt and NNtttt provide a natural isospin 7 = 1/2 filter for the 
ttN and ttttN systems due to isospin conservation. 

Although the existence of the N*{1M0) and TV* (1535) is well-established, 
their properties, such as mass, width and decay branching ratios etc., still suffer 
large experimental uncertaintieiJ. A big problem in extracting information on 
these N* resonances from TriV and jN experiments is the isospin decomposition 
of 1/2 and 3/2 for TriV and nnN systemfl. We expect that the results from 
J/'^ decays will provide better determination of the properties of these N* 
resonances. 

(2) Interference between N* and N* bands in J/^ NNtt Dalitz plots may 
help to distinguish some ambiguities in the partial wave analysis of ttN two- 
body channel alone from TriV and experiments. 

(3) The annihilation cross section of e+e^ through J/^* is about two order 
of magnitude larger than that without going through J/^* and the branching 
ratios for our interested channels from J/^* decay are quite largm, cf. Table ^ 

Table 1: Branching ratios (BRxlO^) for some interested channels 



prin 


ppn^ 


ppir'^TT 


PPV 


2.0 ±0.1 


1.1 ±0.1 


6.0 ±0.5 


2.1 ±0.2 


pprj' 


PpLO 


AE^7r+ 


pK-A 


0.9 ±0.4 


1.3 ±0.3 


1.1±0.1 


0.9 ±0.2 



With present available 7.8 million J/'i' events at BES-I and forthcoming 50 
millions more at BES-II in near future, we expect to have enough statistics to 



2 



get the best determination of properties for N* t:N and ttttN from ph'K~ , 
ppTT^ and ppTT^TT^ channels; We can also search for the "missing" N* states 
and study known N* states decaying into rjN, r/'N, cuN and KA etc. 
(4) On theoretical side, the process J/^P — + pN* or pN* provides a new way 
to probe the internal quark-gluon structure of the N* resonances. 




(a) Cb) (c) 

Figure 2: Diagrams for A^* production from J/^ decays for 3-quark (qqq) A'^* (a) and hybrid 
(qqqg) A''* (c), and from 7A'' reaction (b). 

In the simple three-quark picture of baryons, the process can be described 
by Fig. ^(a). In this picture, three quark-antiquark pairs are created indepen- 
dently via a symmetric three-gluon intermediate state; the quarks and anti- 
quarks have momenta of very similar magnitude. This is quite different from 
the 7p N* process, cf. Fig. ^(b), where the photon couples to only one 
quark and unsymmetric configuration of quarks is favored with q[ — qi + Q. 
Therefore the processes J/^ — > pN* and 7p — > N* should probe different as- 
pects of the quark distributions inside baryons. This may help us to distinguish 
various quark models 

For a hybrid N* , since the J/^* decay is a glue-rich process, it can be 
produced via diagram Fig. ^(c) and iS|fixpected to have larger production rate 
than a pure three-quark N* resonance. 1^ 

Considering these advantages, a N* program at BEPC has been proposecB 
and startedQ. 

2 Status of N* data at BES 

Based on 7.8 million J/^ events collected at BEPC before 1596, the events for 
J/^P — > ppTT^ and ppr] have been selected and reconstructeoJ. 

The 7r° and r] are detected in their 77 decay mode. For selected J/'^ ^ 
ppjj events, the invariant mass spectrum of the 27 is shown in Figj^. The tt^ 
and r] signals are clearly there. 
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Figure 3: 77 invaxiant mass spectrum after 
4C fit for J/^ PP77 



Figure 4: Dalitz plot for J/^* — ppn^ 
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Figure 5: pir^ invariant mass spectrum for 



Figure 6: prj invariant mass spectrum for 
J/"^ — > ppr), Crosses are data and his- 
togram the fit 
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Fig.^ and Fig.g| show Dalitz plot and pir'^ invariant mass spectrum for 
the J/'^ ^ ppn^ . There are clear peaks around 1480 and 1650 MeV of pn^ 
invariant mass. 

Fig.^ shows prj invariant mass spectrum for the J/^* PPV- There are 
clear enhancement around the prj threshold, peaks at 1540 and 1650 MeV. 

We have also selected and reconstructed events for J/^* — > pmr'^ and pfnT~ 
channels. There are similar p-K structures as in J/'^ — > ppir^ process. The data 
processing for other channels, such as pAK, ApK, ppTT^n^ and ppco, are in 
progress. 



3 Partial wave analyses of J/^P ppij 

Because the J/'? — > pprj has the simplest possible resonance contributions, 
a partial wave analysis is performed for this channel first. We are mainly 
interested in the structures at 1540 and 1650 MeV of the pij invariant mass. 



Only — JA* resonances are included in the analysis, since according to 



the informatioip'a from ttN — > r/N and — r/iV experiments resonances with 
higher spins have much smaller couplings to B'lMii our interested mass range. 

We use the effective Lagrangian approadflM for the partial wave analysis. 
The relavent spin-1/2 interaction Lagrangians are 

jCr,pR = -ignPRpTRi] + H.c, (1) 

4™ - -gy.i^r^F^'^ + H.c. (3) 

where R is the generic notation for the resonance with mass Mj^, P for proton 
with mass Mp and ^E" for J/"^ with four-momentum q. The operator structures 
for the r, and T^,^ are 

r = 1, F^, = 7^, F^^ = 75cr^,., (4) 

r = 75, r^,= 757^, F^^ = (T^^, (5) 

where and (j^) correspond to nucleon resonances of odd and even pari- 
ties, respectively. The relative magnitudes and phases of the amplitudes are 
determined by a maximum likelihood fit to the data. A fit with three N* 
resonances is shown in Figs. 6-8 for the prj, pp invariant mass spectra and the 
angular distribution of the proton relative to the beam direction, respectively. 

The peak near the prj threshold is fitted with a N* resonance of mass and 
width optimised at M = 1540l:}y and F = ITSta" MeV, respectively. The 
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Figure 7: pp invariant mass spectrum for 
J/'^ —* ppr). Crosses are data and his- 
togram the fit. 



Figure 8: Angular distribution of proton 
relative to the beam direction. Crosses are 
data and histogram the fit. 



data favor = i over i . A fit with = i instead gives likelihood 
value InL worse by 16.0 than for i assignment (Our definition of InL is such 
that it increases by 0.5 for a one standard deviation change in one parameter). 
The statistical significance of the peak is above 6. Oct. It is obviously the 5*11 
AT* (1535) resonance. It makes the largest contribution (84 ± 5)% to the pp-q 
final states. The errors here and later include both statistics and systematic 
errors from the fit. 

The second peak around 1650 MeV is also fitted with a = | resonance 
iV*(1650). Its mass optimises at M = 1648^^^ MeV with T = 150 MeV fixed 
to PDG value. Its width cannot be well determined by our data due to a 
correlation with the parameters used for the third resonance. It contributes 
(11 ± 3)% to the pfh} final states. 

A small improvement to the fit is given by including an addtional = i 
resonance, which optimises at M = ISMf^^i^ MeV with T = 200 MeV fixed. 
The statistical significance of the peak is only 2.0a. We have tried = ^ 
instead the fit is worse. 

(2) 

An interesting result is that the >Clj,p^ term given by Eq. (3) makes insignif- 
icant contribution for both N*{1535) and A^*(1650). If we drop this kind of 
couplings for both resonances, the likelihood value for the fit is only worse by 
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0.8 for 4 less free parameters. This kind of couplings should vanish for the real 
photon coupling to NN* . Why it also vanishes for the 'i^NN* coupling needs 
to be understood. A theoretical calculatioiO assuming pure C''^\ji coupling 
without /^l^pfl. coupling failed to reproduce the basic feature of the J/'f ppij 
data. This is consistent with our observation that the C^^pjj coupling domi- 
nates for both 7V*(1535) and 7V*(1650). 

In the Vector Meson Dominance (VMD) picture, the virtual photon cou- 
ples to the NN* through vetor mesons, and the electro-magnetic NN* transi- 
tion form factors g-y* nn* can be expressed in terms of photon-meson coupling 
strengths Cjv and meson- A'^iV* vertex form factors : 

9rNN> = V (6) 



with 



C,V = . /HWe_. (7) 

V amy 

At =Ml, the J/* meson dominates. The terms from other vector mesons 
are negligible. From our PWA results here and other relavent information 
from PDCa, we can deduce the transition form factor for the time-like virtual 
photon to PAf*(1535) as 

l57*pJV*(g' -M|)l =2.8±0.5, (8) 

which is related to the more familiar helicity amplitude A^^^ for A^* — > 7P by 



2 -Ml) 



'1/2' Mn- +Mp J 2Mp 



(9) 



4 Summary and outlook 

In summary, the J/^* decay at BEPC provides a new excellent laboratory 
for studying the A^* resonances. On experimental side, it provides a natural 
isospin 1/2 filter for nN and ttttN systems and many interesting channels for 
studying A^* and hyperon resonances; on theoretical side, it provides a new 
way to explore the internal structure of baryons and may help us to pin dowii 
hybrid baryon(s). Almost all subjects on the A^* resonances at the CEBAlO 
and other ^p{ep) facilities can be studied here complementally with the virtual 
time-like photon. 
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Based on 7.8 million J/i/j events collected at BEPC, a partial wave anal- 
ysis of J/-!/) — > pprj data has been performed. Two — ^ resonances, 
A''*(1535, ^ii) and A^*(1650, S"!!), are observed. Now we are collecting more 
J/^" events with the improved EES detector. With the forthcoming 50 millions 
more J/^ events in near future, more precise partial wave analyses can be car- 
ried out on many channels involving TV* resonances and should offer some best 
determinations of N* properties. A systematic theoretical and experimental 
study of the N* and hyperon production from the J/ip decays is underway. 

There is also a plan to upgrade the BEPC to BEPC2 which will increase 
the luminosity by an order of magnitude. This will provide us more precise 
data for the study of the N* resonances from J/'^ decays and also enable us 
to extend the A'^* program to a higher energy at the resonance which now 
suffers low statistics for the N* study. 

With the new generation of ^p[ep), J/ip and experiments, a new era 
for the baryon spectroscopy is coming. 
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